This paper calculates the optimal gasoline tax for the state of California. According to our analysis, the optimal gasoline tax in California is $1.37/gallon, which is over 3 times the current California tax when excluding sales taxes. The Pigovian tax is the largest part of this tax, comprising $0.85/gallon. Of this, the congestion externality is taxed the most heavily, at $0.27, followed by oil security, accident externalities, local air pollution, and finally global climate change. The other major component, a Ramsey tax, comprises a full $0.52 of this tax, reflecting the efficiency in raising revenues from a tax on gasoline consumption due to the inelastic demand of this consumption good.
2
With landmark legislation including the Global Warming Solutions Act of 2006 (AB 32) and air quality standards that are more stringent than those at the federal level, California is renowned for leadership nationally and internationally in implementing environmental regulation at the vanguard. To round out its portfolio, the state should consider policy to further curtail gasoline consumption and reduce vehicle miles traveled on California roads. Gasoline powered vehicles produce many negative externalities including air pollution, global climate change, accident and congestion costs, and dependence on foreign supplies of oil. While it has been argued that a gasoline tax is second-best as a corrective measure for each of these externalities separately (Parry and Small, 2005; Fullerton and West, 2003) , it is perhaps the best policy to jointly address these due to the cost and difficulty of simultaneously implementing several first-best policies.
The debate over the "optimal" gasoline tax as an incentive policy is ongoing. In this paper, we use a Parry and Small (2004; model for an optimal gasoline tax. Parry and Small (2005) calculated the optimal gasoline tax for the United States and the UK. We contribute by adjusting parameters from a national level to be specific to the state of California and by updating the model to account for the cost of oil dependence. 2 An estimation of a California-specific gas tax is important for two main reasons. First, environmental policies in California set an example and pave the way for similar policies in other states and at the federal level. Second, California differs from the nation as a whole in several parameters including congestion, accidents, air quality, and environmental regulations, and therefore has a different optimal gas tax than the national gas tax estimated by Parry and Small (2005) .
According to our analysis, the optimal gasoline tax in California is $1.37/gallon, which is over 3 times the current California tax when excluding sales taxes. The Pigovian tax is the largest part of this tax, comprising $0.85/gallon. Of this, the congestion externality is taxed the most heavily, at $0.27, followed by oil security, accident externalities, local air pollution, and finally global climate change. The other major component, a Ramsey tax, comprises a full $0.52 of this tax, reflecting the efficiency in raising revenues from a tax on gasoline consumption due to the inelastic demand of this consumption good. Because of the size of the Ramsey component, we see that the optimal tax is over $0.50 higher than the marginal external cost. If we do not account for the Ramsey component, the gasoline tax would be $0.85/gallon, the Pigovian gas tax, which is equal to the marginal external cost adjusted down to account for the narrow base of gasoline taxes relative to labor taxes.
The remainder of the paper is organized as follows. Section 1 provides a statistical description of California's passenger vehicle gasoline consumption and current gasoline tax. Section 2 addresses the primary objectives of raising the gasoline tax for California and arguments for a gasoline tax as a second-best policy. Section 3 lays out the analytical Parry and Small model and how it has been changed for this paper. Section 4 explains the parameter values chosen for our optimal gasoline tax estimation. Section 5 concludes. 4 1 California Data Figure 1 plots gasoline prices, sales and excise taxes in California over the years 1982-2006. 3 Figure 2 shows vehicle miles traveled per day, California population and vehicle fuel economy data. Despite sometimes large fluctuations in gasoline prices, we see very little change in gasoline sales and vehicle miles traveled when we take population growth into account. This suggests that demand for gasoline is not very price responsive in the either the short or long run. The data plotted in figure 2 show that California vehicle miles traveled are growing at a significantly faster rate than population.
Moreover, vehicle fuel economy has not improved and has actually decreased in recent years.
According to California Board of Equalization data, gasoline sales in California slipped in 2006 for the first time in 14 years. While California gasoline sales fell by 0.7 percent, Energy Department statistics showed more than a 1 percent increase in nationwide gasoline sales (SF Chronicle 2007a) . This could indicate some sort of tipping point due to the recent upward trend in gasoline prices in addition to California's higher than average gasoline tax, indicating that -even with very inelastic demand -a gasoline tax could have the desired effect of reducing gasoline consumption in California.
Currently, California has the third highest total tax 4 on gasoline (averaging 58.5 cents per gallon) following New York (60.8 cents per gallon) and Hawaii (60.4 cents per gallon). The nationwide average tax on gasoline is about 45.8 cents per gallon. In each 5 state, the gasoline tax can be broken down into a federal excise tax of 18.4 cents per gallon, a state excise tax -averaging 18.2 cents per gallon across the country -and other taxes which include sales taxes, gross receipts taxes, oil inspection fees, underground storage tank fees, and other miscellaneous environmental fees (API 2007). California's state gasoline excise tax is currently 18 cents per gallon, and local and state sales taxes are levied on the price of fuel and excise taxes. California gasoline prices tend to be higher and more variable than in other states. This is largely in part due to California's reformulated gasoline program which has more stringent requirements on clean gasoline than the federal mandate. There are relatively few sources of reformulated gasoline outside of the state, meaning that California refineries tend to operate near full capacity. Volatility in prices occurs when multiple refineries experience down time, 5 which leads to shortages of reformulated gasoline supply (EIA 2007).
Raising the Gas Tax in California

Components of the Optimal Gasoline Tax for California
In determining the optimal Pigovian tax on gasoline we have three objectives. The first objective is environmental protection, with particular regard to air pollution and global climate change. According to Mankiw (Mankiw 2006) , who has proposed a raise in the gas tax, higher gasoline taxes are "the most direct and least invasive policy to address environmental concerns." Air pollution and global climate change are both critical environmental issues for California: California has an alarming 16 out of the 25 most ozone-polluted counties in the nation, including all of the top six, 6 and is the world's 12th largest source of carbon dioxide. If greenhouse gases continue to increase, climate models predict that the average temperature at the Earth's surface could increase 5 Refinery margins are higher due in large part to price volatility in the region. 6 Source: American Lung Association State of the Air 2007 report. Negative effects of air pollution have been extensively documented, and include impairment of human lung function, degradation of materials, and injury to plants. In addition to adverse health effects, the high ambient ozone levels found in Southern California and the San Joaquin Valley also cause yield reductions up to 30% for some crops (Hall et al., 1992) . 7 from 3.2 to 7.2ºF above 1990 levels by the end of this century (EPA, 2009 A third objective is to reduce dependence on foreign oil. A higher tax on gasoline would discourage oil consumption, reducing our dependence on fossil fuels, particularly oil imported from OPEC. In a recent study, Leiby (2007) defines three components that add to the market price to make up the full cost of petroleum imports: 8 the cost of U.S. import demand and its (currently strong) effect on the world oil price and the market power retained by OPEC, the cost of the risk of sudden shortage in the supply of foreign oil, and the cost of active oil security policies. 9 As explained in Section 4, we use parameter values from Leiby's (2007) study, which include the costs of the first and second components, but not the third.
Apart from the necessity to account for the negative externalities from gasoline powered passenger vehicles, a tax can also provide government revenue. 9 about the regressivity of a gasoline tax, tax revenue could be balanced out by reducing income taxes.
Gasoline Tax as Second-Best Policy
In the economics literature, a Pigovian tax on gasoline is generally considered a second best policy. For example, Parry and Small (2005) note that a tax on emissions would better internalize local air pollution, a tax on peak-period driving would better tackle the congestion problem, and a tax on vehicle miles traveled (VMT) would most effectively lower accident externalities. These first best policies can be infeasible, however, because they have a high cost of implementation and monitoring, and no single first-best policy is able to efficiently address all of the objectives discussed above.
Some Notes on Tax Incidence
It has been shown that gasoline tax incidence falls the most heavily on the middle to upper middle classes. A tax on gasoline is not regressive across the lowest incomes based on the fact that the fixed cost of owning a vehicle excludes lowest income families from the market (Fullerton and West, 2003) . As far as producer/consumer incidence is concerned, consumer incidence is higher at the state level when there is greater elasticity of supply compared to the nation. This occurs when producers have the ability to sell gasoline across borders and in states that sell relatively smaller quantities of gasoline (Chouinard and Perloff, 2003) . Because California requires the use of reformulated gasoline and because the relative sales in California are large when compared to a national average, we would expect a relatively lower consumer incidence.
3 A Model of the Optimal Gas Tax
Analytical framework for Parry and Small model
In this section, we lay out the Parry and Small model (Parry and Small 2005) for an optimal gasoline tax and highlight our changes. The style and description in this section closely follows the presentation of Parry and Small (2005) .
The representative agent in a closed economy model has the utility function:
The functions ( We modify the Parry and Small model by adding the disutility (.)
η from oil dependence to the utility function.
Vehicle miles traveled (VMT) are produced according to the homogeneous function:
where F is fuel consumption and H is money expenditure on driving.
This function allows for the tradeoff between vehicle cost and fuel efficiency while holding quality constant. It accounts for the fact that people will buy more fuelefficient cars in addition to driving less when gasoline prices or taxes increase.
Driving time is a function of VMT, the inverse of the average travel speed, π, and the fixed aggregate miles driven per capita, M :
.
(3)
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Because M is treated as fixed, π will be fixed, implying that drivers do not take into account their own contribution to congestion. We can make the assumption that 0 > ′ π ,
implying that an increase in VMT leads to more congested roads.
Pollution is made up of two types of pollution, F P and M P , which differ by the types of externalities they cause. F P is a carbon dioxide type of pollutant, which depends directly on fuel consumption, and therefore causes the fuel-related pollution damages resulting from global climate change: ( The number of accidents per capita is dependent on the amount of aggregate driving per capita and is exogenous to the individual agent: Oil dependence is a function of aggregate fuel consumption:
where
. Like pollution, the costs of oil dependence are borne by other agents, so we make the assumption that these costs are ignored by the driver when making fuel consumption decisions.
On the production side, we assume that firms are competitive and produce all market goods with constant returns to scale. All producer prices and the gross wage rate are exogenously fixed, and normalized to unity, with the exception of gasoline price, q F .
There is a tax on gasoline, t F , and a tax on labor, t L .
The agent has a budget constraint:
where I is disposable income and L is labor supply.
The time constraint on labor, leisure, and driving is given by:
14 Indirect effects on accident externalities via changes in vehicle size are ignored partly because direction of effect is uncertain. 15 It has been argued that the best policy to address accident externalities is actually a premium on individual driver's vehicle miles traveled through their insurance policy (Edlin and Mandic, 2006) and that a gasoline demand model should include insurance rates.
where L is the agent's time endowment.
Government expenditures are financed by taxes. The government does not directly tax or regulate externalities, except as incorporated in the functions
The government has a budget constraint:
With government spending taken as exogenous, this relationship allows a tradeoff between gasoline and labor revenues.
Optimal gasoline tax calculation
The optimal gasoline tax is the one that maximizes utility. If we take the derivative of utility with respect to the gasoline tax and set this equal to zero, after some manipulation (see Parry & Small 2004) , the optimal gasoline tax can be calculated from a formula comprised of three components. The first, an adjusted Pigovian tax, will differ slightly form the marginal external cost of fuel use (MEC). The MEC is comprised of the marginal costs of carbon emissions and dependence on foreign oil -in dollars per VMTand the marginal costs of distance-related pollution costs, accidents and congestion -in dollars per mile. The latter are multiplied by miles per gallon and the portion of the gasoline demand elasticity due to changes in VMT. The Pigovian tax is the MEC adjusted by a factor of (1/(1+MEB)), where MEB is the welfare cost in the labor market from an incremental increase in the tax on labor divided by the marginal revenue. This adjustment accounts for the narrow base of gasoline taxes relative to labor taxes, and thus their inferiority in efficiently raising revenues.
The second component is a Ramsey tax. Ramsey (Ramsey 1927) The formula for the optimal gasoline tax is as follows:
where The cost of oil dependence is estimated based on an Oak Ridge National
Laboratories study by Paul Leiby (Leiby, 2007) . Leiby 19 estimates the incremental benefits to society, in dollars per barrel, of reducing U.S. imports of oil. His approach flushes out energy-security related, demand-sensitive costs that are not reflected in market prices. These costs include: (1) the higher costs for oil imports resulting from the effect of U.S. import demand on the world oil price and OPEC market power; and (2) the risk of dislocations of the domestic economy and reductions in U.S. economic output 19 Leiby makes a strong argument that this estimate of the marginal economic benefit to society of a reduction in imports should not be used as a direct oil tax or import tariff and that a direct Pigovian tax will not efficiently address these market failures. (see Leiby, pg 30) It must be noted here that we do not disagree with Leiby's reasoning, however we are choosing to use his figure as the best estimate available to us for a marginal cost of oil dependence, which we feel should be accounted for in a gasoline tax. As noted, the optimal gas tax suggested in this paper is not meant as a direct policy recommendation, but a tool for policy makers. cents/mile. This is in line with recent studies, which put the marginal external costs at around 2 to 7 cents per mile (e.g., US Federal Highway Administration, 1997; Lindberg, 2001; Mayeres, Oschelen and Proost , 1996; Miller et al., 1998; .
Gasoline price elasticity: FF
We estimate the optimal gas tax using an intermediate-run estimate of the gasoline price elasticity of demand and a range that incorporates values from our analysis and from the literature. Because the gasoline price elasticity plays a key role in the optimal gasoline tax formulation, the methodology by which we arrive at our central parameter value and the range is discussed in detail in section 4.2.
To determine the intermediate-run gas price elasticity in California, we estimate a simple double log model using California specific data over 37 years. Our estimate differs from previous studies because we include more recent data and because our data is specific to California, rather than for the whole United States. In particular, we include the years 2000 to 2007 in our study, which might account for the less elastic estimate for California demand than previous studies have found for the US using data which exclude these recent years.
Based on our estimates, we use a central value of price elasticity of demand for gasoline of -0.221 for an intermediate-run estimate, however we provide analysis over a broad range of elasticities, from -0.101 to -1.0, so that policy makers might take note of the wide variation of the optimal tax as gas price elasticity varies and better understand 21 the implications of a shift towards more inelastic demand. Although our central value is derived from a model that estimates a more intermediate-run elasticity, the range we use encompasses the range of mean long-run elasticities found in the literature. We further the analysis by calculating the optimal gas tax using a short-run elasticity that we estimate for California using a lagged endogenous model. An estimation using a short-to intermediate-run elasticity may be more relevant to policy aimed towards the Ramsey discussion and to shorter-run issues such as congestion, accidents and local air pollution. VMT portion of gas price electricity:
Based on dividing the elasticity of VMT by the elasticity of demand for gasoline with respect to consumer fuel price we estimate the VMT portion of gas price elasticity 21 Dependence on foreign oil could be taken into consideration in both short and long term policy decisions. Immediate changes in demand for gasoline might affect the production decisions of oil producing countries while switching to alternative fuels as a means to free up dependence on oil is typically a policy option thought of in the longer run.
for California to be 0.3. Parry and Small use an estimate of 0.4, based on their review of several studies from the 1990's . 22 β represents the portion of gasoline elasticity demand that is due to a change in vehicle miles traveled versus, for instance, increases in fuel economy. We use a range of 0.2 up to 1, which would be the value if all of the response to higher gasoline prices was due to a change in vehicle miles traveled.
For the short-run analysis, we use a value of 0.7, indicating that agents decrease their consumption of gasoline when prices rise largely by simply decreasing miles driven.
The decrease is likely realized by a decrease in trips taken or a switch to carpooling or alternative forms of transportation. This is reasonable as it is likely much easier to change miles traveled in the short-run than change vehicle fuel efficiency. 23 24 We use a range of 152.46 cents/gallon, which is based on a low of 2 standard deviations below the mean to 500 cents/gallon. 25 The high range is in response to recent spikes in gasoline prices.
Initial tax rate on gasoline: 0 f t
cents/gallon
The current tax on gasoline in California is $0.378 per gallon. This is comprised of an 18.3 cents federal excise tax, 18 cent California excise tax and 1.5 cents in underground storage tank fees. We do not include the sales tax in this figure. The sales 24 Data are from Energy Information Administration data. The data used were for California All Grades All Formulations Retail Gasoline prices and were converted to real 2006 prices. 25 We use an average over a range ending in December 2006, as this is the last data year used in our regression analysis for the elasticity calculations.
tax is applied to goods in general and does not increase the price of gasoline relative to other goods. 26
Gas Price Elasticity of Demand and VMT Calculations
Background and literature
The estimation of demand models for gasoline has produced varying results over the past few decades and continues to be a subject of great interest. Estimates drawn from analysis that includes recent data and California-specific data are scarce, however. Table   1 displays results of 6 previous surveys of studies estimating the elasticity of demand for gasoline using data spread over the years 1929 to 2000, and one recent study (Hughes et al., 2008) estimating the short-run elasticity using more recent years of data. For the studies covering years ranging from 1929 to 2000, the mean short-run elasticity ranged from -0.25 to -0.28 and the mean long-run elasticity ranges from -0.64 to -0.86. The remaining study, Hughes et al. (2008) , shows that demand has become more inelastic over the recent years. In particular, they find that short-run elasticities have decreased by up to an order of magnitude from a range of -0.21 to -0.34 for the years 1975 to 1980, to a range of -0.034 to -0.077 for the recent years 2001 to 2006. Table 1 mean range mean range Dahl and Sterner, 1991 -0.26 -0.22 to -0.31 -0.86 -0.80 to -1.01 Goodwin, 1992 -Time series -0.27 -0.71 -Cross Section -0.28 -0.84 Goodwin et al., 2004 -0.25 -0 .01 to -0.57 -0.64 0 to -1.81 Graham and Gleister, 2002 -0.2 to -0.5 -0.23 to -0.8 Gleister, 2004 -0.25 0.59 to -2.13 -0.77 0.85 to -22.0 Hanley et al., 2002 -0.25 -0 .01 to -0.57 -0.64 0 to -1.81 Hughes et al., 2008 Hughes et al., -1975 Hughes et al., -1980 Hughes et al., -0.21 to -0.34 -2001 Hughes et al., -2006 -0.034 to -0.077 Davis and Killian (2009) argue that tax changes are more persistent than typical price changes, and find the elasticity of demand with respect to changes in tax to be -0.16
Previous estimates of short-run (SR) and long-run (LR) elasticities of demand
SR LR
using national aggregate data, -0.32 using state panel data, and between 0.03 and -0.17 using a structural vector autoregression model, using recent data from 1989 to 2007 or to 2008 depending on the model. Thus, even though they suggest that a longer-run elasticity may be appropriate for evaluating gas taxes, their estimates of the tax elasticity are more in the range of previous estimates of the short-run price elasticity than the more elastic previous estimates of the long-run price elasticity, perhaps because they are using more recent data, when demand has become more inelastic.
Basic model
To estimate gasoline price elasticity, we start with a basic double log model. ε is a mean zero error term. Table 2 shows regression results using this basic double log model. Because of data limitations, the majority of this analysis is carried out using annual time series. Table 2 includes results using monthly time series as well for a robustness check.
The interpretation of the coefficients of the static model are not entirely clear. We would expect that the long-run elasticities are: Studies have shown, however, that some dynamic models tend to produce higher long-run elasticities than static models, indicating that the static model is actually an intermediate-run elasticity. We see further evidence below in the partial adjustment model that the elasticities from our static model are likely more reflective of those in the intermediate run. 27 Gasoline demand is calculated as per capita vehicle miles traveled/vehicle fuel efficiency. For use of this model with monthly time series, we would simply incorporate another subscript to the variables, e.g. Y jt would be income in year t, month j, and a month fixed effects term, jt ε 
Time Series Properties of Data
In a test for stationarity of the vector of variables in our model using an Augmented Dickey-Fuller (ADF) test, all of the variables were found to be integrated of the same order. Given this, we can view our model as a co-integration model such that our parameters will be consistent if our residuals are stationary (Engle and Granger 1987) .
ADF tests suggest stationarity of the residuals, thus we continue our analysis under the assumption of consistent parameters.
Partial Adjustment Model
To account for the fact that adaptation to changes in gas price or income might not take place instantaneously, we can use a partial adjustment model 28 which allows demand in the current period to depend on demand in an earlier period as well as income and gasoline price:
When we estimate equation (16) and are typically interpreted as the long-run elasticities. However, when the speed of adjustment is relatively short, the fully adjusted elasticities may also be interpreted as short-run or intermediate-run data. Table 3 shows the partial adjustment model results. We find a short-run elasticity to be of the order of those estimated by Hughes et. al (2008) with an implied adjusted price elasticity of close to -0.1, which is the elasticity estimated in our static model. 29 The adjustment period is just over 2 years, which would lead us to believe that the static model produces an intermediate-run elasticity. Based on the gasoline demand elasticity literature, we expect long-run elasticity to be higher, and we account for this in the range that we use in our optimal gasoline tax formulation. 28 Our discussion on the partial adjustment model follows the reasoning presented in Hughes et. al (2008) . 29 Partial adjustment model estimates using a monthly time series produce similar results. 
Identification issues
To address the possible endogeneity of gas price in our model, we can look for instrumental variables to use in our analysis. Ideally, we want an instrument that is correlated with the price of gasoline, but uncorrelated with unobserved gasoline demand shocks. In the past, studies have often used refinery products as instruments (Ramsey, Rasche and Allen 1975; Dahl 1979) . The validity of this instrument is arguable, however, because there is almost surely some correlation between prices of other refinery products and gasoline demand shocks. Hughes et al. (2008) try using oil production disruptions as instrumental variables between the years 2000 and 2005. They find in the first stage that 2 of the 3 disruptions noted are not significant. Instrumenting for only the third, they find that the gas price elasticity is significantly different and more elastic than the base model, however they note that these effects "may be small relative to other factors affecting price elasticity".
In light of the difficulty of finding an appropriate instrument for gasoline price, we try using US distillate fuel prices as an instrument and experiment with a few unique instruments --gasoline prices in different US states and indices of industrial production (IP) in different countries. We show results using real Ohio gas prices and IP in India as an instruments. 30 We find significance in first stage regressions for all of the instruments, however, for both US distillate fuel prices and Ohio real gas prices, a Wu-Hausman test for endogeneity tells us that we cannot reject the hypothesis that gas price is exogenous.
In this case, the endogenous regressor's effects on the estimates are not particularly meaningful, so instrumental variables (IV) estimates will not differ much from our OLS results. We find a higher F statistic from a Wu-Hausman test when we use Industrial Production in India (IP India) as an instrument. Thus, our IV estimation from this point relies on the use of IP India as an instrumental variable.
Tables 4 and 5 show first and second stage instrumental variable results 31 with a range of instruments. When we use (IP India) as an instrument, we see a higher elasticity of demand to gas prices, indicating that unobserved variables cause a downward bias (in absolute value) in the OLS coefficient, which is consistent with results found in other IV analysis. Again, because of the limited data available to us for this analysis and the limited proof that India IP is, in fact, not a weak instrument, we use these estimates only to help us establish a range of elasticities to use in the analysis. Table 6 reports the VMT elasticity for California for OLS and IV models. The use of instruments does not have a large impact on the magnitude of VMT elasticity or income elasticity. Table 7 shows a range of gasoline demand and VMT elasticities using both OLS and IV estimation for annual and monthly time series, and gives intermediate-and short-run estimates. This table is useful in providing a range of VMT elasticity as a portion of demand elasticity, β. Table 8 summarizes the parameter values used in our optimal gasoline tax formulation and their ranges. Using all low and high parameter values, respectively, we calculated a range for the California optimal gasoline tax to be 21 cents to 10 dollars with an mid-range value of $1.37. This mid-range value is based on our intermediate-run gasoline price and VMT elasticities. When we calculate the optimal gas tax for the midrange values using short-run gasoline price and VMT elasticities -shown in parenthesis in table 8 -we find that the optimal gasoline tax for California is $3.23. 32 We see an increase in the adjusted Pigovian tax, due to the increased VMT portion of elasticity 33 as well as an increase in the Ramsey tax, due to the fact that consumers are more inelastic in the short-run. These differences can be seen in Table 9 .
The far right columns in table 8 show how each parameter individually affects the formulation. By shifting any one parameter we get a range for the optimal gas tax between $0.79 and $2.13. The gasoline price elasticity has the greatest effect on the tax.
If we leave the gasoline price elasticity at the mid-range value of -0.221 and shift the other parameters individually, we get a range for the optimal gasoline tax between $0.79 and $1.95. In any case, all of these values exceed the current gasoline tax for California. 32 This is calculated using the annual dataset and the IV GMM results from table 7. If we use the OLS values for short-run elasticities in the optimal tax calculation, we estimate that the optimal tax is just shy of $5.00/gallon. 33 In the short-run, the behavioral change due to a gasoline tax is likely to be realized more with a decrease in vehicle miles traveled rather than through changes in efficiency. Table 9 shows the breakdown of the individual components of the tax using both short-and intermediate-run elasticity estimates and compares our calculation for California to Parry and Small's (P&S) optimal gasoline tax calculation for the U.S. 
Concluding Remarks
In California, fuel prices and excise taxes have been in the news for some time and a significant increase in the gasoline tax at the state and national levels is not a new idea. California already has one of the highest gasoline taxes in the country and California gasoline prices tend to be higher and more variable than in other states.
Because taxes of any type are such a contentious issue and fuel taxes even more so, history has proven thus far that a gasoline tax would be something very difficult to get through the Californian political system. For example there is significant controversy over current gasoline tax revenues, 34 new policy action, 35 and tax incidence. 36 34 Revenue from state sales tax on gasoline is supposed to go for transportation projects under Proposition 42, which voters approved in 2002. But, in recent years, special provisions have been invoked by legislators and the governor, which have allowed close to $2.5 billion to pay for other expenses. (SF Gate, 2006) Perhaps the most important consideration should be that of the inelastic demand for gasoline in California. Our presentation of gasoline demand elasticity with respect to price estimates for California should at the very least call attention to the fact that policy should be updated to reflect the current state in California. With highly inelastic gasoline demand, any incentive policy would have to induce a large shock to prices to induce a behavioral change. We focus on what we estimate to be an intermediate-run elasticity (adjusting from the short-run in approximately 2 years); however, we calculate the optimal gas tax over a broad range of elasticities so that policy makers with time varying objectives can better understand how a gas tax might change consumer behavior. For example, if the objective is to curb gasoline consumption in the very short run, a gasoline tax should be quite high -in fact, we estimate the optimal gasoline tax based on short-run consumer price elasticity of demand for gasoline to be $3.23. On the other hand, if the objective is to incentify changes over a longer period of time, a lower tax would be appropriate. Based on our analysis, it is likely that -even in the long run -any tax on gasoline meant to address the objectives discussed above for the state of California should be higher than that which is currently in place.
We've calculated the optimal gasoline tax for California, based on intermediaterun gas price elasticity of demand to be $1.37, with a full $0.52 comprised of the Ramsey 35 California has considered a tax-by-the mile scheme, where GPS devices would be installed in cars to keep track of their mileage and the tax would be paid at the pump. A computer inside the gas pump would communicate with the car to calculate the tax. This idea is meant to counterbalance the loss of tax revenues -which fund road repairs and highway projects --with more fuel efficient cars on the road. The system could also be used to internalize congestion externalities by charging higher fees for rush-hour driving (CBS, 2005) 36 Assemblywoman Audra Strickland, R-Moorpark, authored AB 2621 -a bill seeking to eliminate the sales tax on gas. She estimated that eliminating the sales tax would translate to ~$300 to $400 extra in savings per year per household. (SF Gate, 2006) 37 component, which takes into consideration the government's ability to raise revenue on a good with highly inelastic demand. Revenue raised on a gasoline tax could be used to offset income taxes to address regressivity or to fund research into new and alternative energy sources. If we were only interested in the adjusted Pigovian component of this tax, meant to simply "internalize" the externalities caused by gasoline consumption in California the optimal tax would be $0.85/gallon, which is more than 3 times the current tax excise tax and more than twice the total tax. When we break this down by specific externalities, we include 27 cents for congestion, 18 cents for accident, 15 cents for local air pollution, 21 cents for oil dependence and 7 cents for global climate change.
